Recent work by Block et al on the energy-invariant edge in proton-proton scattering is interpreted by quantitatively introducing a energy-dependent black-disk fraction of the proton-proton interaction.
In the context of the investigations on the empirical evidence for the approach of the proton-proton-scattering cross section to a black-disk limit at very high energies, the variable
was introduced [1] , compare also refs. [2, 3, 4] .
The numerical values of t can be determined from the experimental results for the total pp cross section, σ T OT (W 2 ), and the elastic one, σ EL (W 2 ), measured at the centerof-mass energy W . In an eikonal description of pp scattering, t stands for the width of the edge of the scattering region in impact-parameter space [1] . Employing t, in the present note, we wish to explicitly elaborate on how the variable t specifies the fraction of the total cross section due to black-disk scattering as a function of the energy W .
From the experimental results on σ T OT and σ EL , technically by evaluating precise fits [1] , [2] , [3] , [5] to the experimental data for σ T OT , σ EL and the inelastic cross section, σ IN EL , it was found that t in (1) is independent of the energy W ,
From the extrapolation of the fits to energies far beyond the presently accessible ones, the remarkable constancy of t ≃ 1.1f m in (2) was found to remain valid in the huge range of
The significance of the empirical observation (2) is best illuminated by rewriting (1) as
Relation (3) is seen to correspond to the transition from two W-dependent observables
sured value of the single quantity σ T OT (W 2 ) at the energy W , together with the constant t ∼ = 1.1f m, determines the elastic cross section in (3), as well as the inelastic one,
Due to the slow growth of σ 3] , for W → ∞, the black-disk limit
in (3) is only reached at energies far beyond the ones available in the laboratory. Even for the very high energies explored at the Large Hadron Collider (LHC) and by the Auger [6] and HiRes collaborations [7] , one finds [3] values of σ EL /σ T OT of 0.28 (at 14 TeV) and 0.30 (at 57 TeV) still significantly below σ EL /σ T OT = 0.50 in (5). For a given measured result for the elastic cross section, σ EL (W 2 ), the associated total cross section corresponding to scattering from a black disk, σ T OT Black (W 2 ), is given by
Replacing (6), yields the fraction of a measured cross section σ T OT (W 2 ) that is associated with black-disk scattering,
In (7), besides the asymptotic value of unity, we have given the value of the ratio σ
2 . With t = 1.1f m, it coincides with the measurements of σ
. From (7), at W ≃ 1T eV , accordingly, about one half of the total cross section is attributed to scattering from a black disk.
Introducing a black-disk radius, R Black , associated with σ T OT Black (W 2 ), as well as the radius R(W 2 ) associated with σ T OT (W 2 ),
from (7), we find
At energies of approximately W = 1T eV , a region defined by a radius of about 70 % of the full interaction radius has reached blackness. The interaction strength has reached its saturation limit of full blackness in this restricted domain. Corresponding to (7) and (9), the non-black or edge region yields
as well as
The constant t ≃ 1.1f m determines the partition of the cross section σ T OT (W 2 ) for given W into an elastic and an inelastic part, and it quantifies the approach to the blackdisk limit
as a function of the pp energy W . It seems appropriate to explicitly elaborate on these interpretations of the work in (1).
